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This  paper  proposes  that  by  use  of  the  double- 
refractive  capability  of  a  Te02  crystal,  one  can  work 
out  inside  a  Te02  crystal  2  polarization  regions,  which 
satisfy  the  Dixon  Equation  as  its  positive  and  negative 
solution.  In  designing  instrximents ,  one  can  make  the 
high-end  of  the  frequency  of  the  No.  1  group  exactly 
contact  the  low-end  of  the  frequency  of  the  No.  2  group 
so  that  the  frequency  band  can  be  effectively 
broadened.  The  ranges  of  the  No.  1  group  and  No.  2 
group  used  in  our  study  were,  respectively,  40  -  80  MHz 
and  80  -  140  MHz  and  thus  the  band-width  of  the 
deflector  would  be  100  MHz. 

This  paper  also  proposes  a  new  type  of 
construction  for  the  electric  terminals  of  sonic-optic 
transducers,  to  improve  the  acoustic  attenuation, 
induced  by  the  scatter-spreading  processes  of  the 
"sound  wave  modified  by  truncation"  which  has  to  go 
through  such  processes  in  the  acoustic  field  during  its 
propagation  inside  the  Te02  crystal. 


1 .  INTRODUCTION 


Since  the  appearance  of  the  tellurium  dioxide  single 
crystal  [1],  it  has  exhibited  excellent  acoustic-optic 
characteristics.  Especially,  in  the  propagation  along  the 
axial  direction  of  [110],  because  the  vibrating  "wave 
modified  by  truncation"  along  the  [110]  axial  direction  has 
a  very  slow  sound  speed,  one  can  shorten  the  sonic-optic 
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interacting  length  and  at  the  same  time  can  realize  a  large 
deflectional  angle,  and  because  of  the  advantages  of  having 
a  high  point-resolution  capability  and  others,  R.  W.  Dixon 
[2]  and  E.  G.  H.  Lea  [3],  et  al,  initiated  the  utilization 
of  direct  truncation  to  study  the  phase-matching  for  the 
"within-the-axis "  type  of  Te02  crystalline  sonic-optic 
deflectors.  However,  in  such  devices,  because  it  has  a 
modified  single  switch  in  the  middle  frequency  range,  the 
"dip"  response  appears  [4].  In  1975,  Yano,  et  al., 
suggested  the  Te02  deflectors  with  an  asymmetric  truncation 
direction  [5];  that  is,  one  can  choose  any  appropriate 
intersectional  angle  between  the  propagation  direction  of 
the  wave-vector  of  the  "wave  modified  by  truncation"  and  the 
[110]  axis  so  that  one  can  move  the  "dip"  region  out  of  the 
active  band— width  of  the  deflector,  and  thus  a  sound  wave  of 
smoother  frequencies  can  be  realized.  This  kind  of  devices 
is  commonly  called  deflectors  of  the  "biased  axis  type",  and 
their  central  frequency  is  intimately  related  to  the 
crystalline  axes  of  the  Te02  crystal.  If  one  increases  the 
intersectional  angle  0^  between  the  propagation  direction  of 
the  sound  wave-vector  and  the  [110]  axis,  the  central 
frequency  of  the  deflector  is  also  being  elevated,  and  thus 
its  relative  band-width  becomes  broader.  However,  0^  cannot 
be  too  large.  If  0^  is  taken  to  be  excessively  large,  the 
sound  speed  of  the  "wave  modified  by  truncation"  increases, 
causing  the  sonic-optic  quality-value  M2  to  go  down  and  that 
in  turn  increases  the  intersectional  angle  between  the 
direction  of  the  sound  phase-velocity  and  the  direction  of 
the  energy  flow;  consequently,  one  will  have  a  disadvantage 
of  needing  a  larger  geometrical  size  for  the  Te02  crystals. 

We  made  a  study  on  the  deflectors  whose  0^  =  8°  and 
whose  band-width  could  reach  60  MHz.  however,  at  present 
for  any  communication  processing  system,  one  needs  even 
broader  band-widths  for  the  deflectors.  Just  to  increase  0= 

a 
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is  not  going  to  work,  and  thus  we  started  to  study  Te02 
deflectors  of  doublet  frequency-band,  whose  frequency  width 
can  reach  100  MHz. 


2.  PRINCIPLES  OF  WORKING  MECHANISM  OF  THE  INSTRUMENTS 

The  acoustic  properties  of  a  crystalline  body  can  be 
completely  determined  by  the  k-curvilinear  surface  or  the 
k/Q  curvilinear  surface  -  X  A  the  k/Q 

surface  in  a  crystalline  body  is  optically  similar  to  the 
refractive  index  curvilinear  surface.  In  general,  because  a 
sound  wave  is  neither  exactly  a  longitudinal  wave  nor  a 
"wave  modified  by  truncation",  but  the  intersectional  angle 
between  its  vibrational  direction  and  the  phase  speed 
direction  can  be  arbitrary.  For  a  uniaxial  crystal,  if 
optical  rotation  can  be  neglected,  the  refractive  index 
curve  is  usually  an  ellipsoid,  but  the  k/Q  curve  can  be  very 
complex.  However,  for  a  Te02  deflector,  because  one  only 
considers  the  plane  formed  by  the  [001]  axis  and  [110]  axis, 
the  k/Q  curve  is  still  an  ellipsoid,  whose  equation  is  as 
follows : 

i  1  2 

-]  •  cos^5.  f-y — ]  •  siny, 

_!_r  r_L_?  (1) 

Vumi  1-7,00,1-1. 

and  thus  it  is  not  difficult  to  obtain  (illegible) 


Vw.)  —  Vhi)]COi^d,  +  Ffoe,i*in*5,.  ^  ^ 

where  is  the  deviation  angle  of  the  wave-vector  with 
respect  to  the  [110]  axis.  in  a  Te02  crystal,  the 
directions  of  phase  velocity  and  the  energy  flow  of  a  sound 
wave  are  not  identical,  the  intersectional  angle  0g  is  as 
follows : 

tg0j  -  rjooii  —  .Zlimsin 2fl. 

2Vle., 
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(3) 


From  the  initial  values  of  6\6fxml fn,  7,oo,i-2104 

ixm/iis,  one  can  calculate,  for  various  axial  deviation  angles 
0a,  the  supersonic  phase  velocity  V(0a)  and  the 
intersectional  angle  0g  between  supersonic  sound  phase 
velocity  V  and  the  energy  flow  velocity;  the  results  are 
shown  in  Table  1. 

For  a  sonic-optical  deflector,  important  parameters  are 
really  the  band-width,  resolution  power,  and  diffraction 
efficiency.  However,  for  different  applications,  one  needs 
all  different  sets  of  these  3  parameters.  For  instance,  for 
some  high  resolution  electric  frequency-emitting 
spectrometer,  one  needs  higher  frequency  resolution  power,  a 
radar  signal  processing  system  needs  a  broad  diffraction 
band-width;  an  electric  station  detector  for  jumping 
frequencies  needs  high  resolution  (10  -  20  kHz)  as  well  as 
broad  band-width.  At  present  the  band-width  available  for 
Te02-transverse  wave  devices  in  the  world  is  generally 
40  -  50  MHz.  Table  2  is  to  show  the  important  functions  of 
the  3  kinds  of  instruments  developed  and  built  by  us .  From 
the  table,  one  can  see  that  as  0^  increases,  the  band-width 
broadens,  but  any  further  increase  in  0^  becomes 
impractical.  This  is  due  to  the  fact  that  as  0^  increases, 
V(0a)  also  increases  and  thus  it  leads  to  the  drops  in  both 
resolution  (for  the  given  aperture)  and  the  M2 -value.  For 
0^  =  6°,  M2  drops  off  by  16  %,  while  for  0^  =  8°,  it  drops 
off  by  25  %  (which  corresponds  to  0^  =  0).  On  the  other 
hand,  as  0^  rises,  the  intersectional  angle  between  the 
energy  flow  direction  and  the  phase-velocity  direction 
becomes  larger,  and  thus  one  needs  a  larger  crystalline 
size. 
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TABLE  1  VQa  AND  ©q  FOR  VARIOUS  0^ 


e. 

1 

1 

2 

3 

1 

1 

5  , 

6 

B 

8 

616 

617 

620 

651 

663 

677 

e*(°) 

D 

28.5 

1 

35.2 

^0.6 

44.8 

48.1 

1 

1 

50.6 

Table  2  Essential  functions  of  the  3  kinds  of  instruments 


d.CD 

6  "i 

“  -g— - 

CMHz) 

67 

78 

93 

80 

70 

^0 

(3dBXMHz)  • 

*40  ■ 

■‘*'50*  ■  ■■ 

;  60  ^ 

Key:  (1)  central  frequency  (2)  diffraction  efficiency  (%) 
(3)  Band-width  (3  dB)  (MHz) 


After  we  have  analyzed  the  above  situations,  we 
concluded  that  to  improve  the  band-width  of  the  deflectors 
we  had  to  design  a  doublet  frequency-band  Te02  sonic-optical 
deflector.  The  basic  idea  of  design  is  to  work  out  the  2 
deflectional  regions  of  the  Dixon  equation  within  one  piece 
of  Te02  crystal. 
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Fig.  1  The  wave-vector  diagram  of  a  Te02  crystal 


Fig.  1  shows  the  diagram  of  wave-vectors  of 
sonic-optical  interaction  in  a  regular  uniaxial  Te02 
crystal.  In  it,  k  i  and  ki'  stand  for,  respectively,  the 
incident  wave-vectors  from  2  different  in-coming  directions, 
and  kd  stands  for  the  wave-vector  of  the  diffraction  beam, 
while  ka  and  ka’  stands  for,  respectively,  the  acoustic 
wave-vectors .  In  order  to  come  up  with  a  broader 
phase-matching,  the  "direct  truncation  phase-matching"  is 
being  adopted.  As  it.  can  be  seen  from  the  wave-vector 
diagram,  for  each  sonic  propagation  direction,  there  are  2 
closing  triangles,  AaBC  and  AADC,  both  of  which  satisfy  the 
"direct  truncation  phase-matching".  In  other  words,  for  one 
sonic  propagation  direction  the  incident  optic  beam-fluxes 
from  2  different  directions  produce  2  sonic-optic 
interacting  regions  of  different  central  frequencies.  From 
the  figure,  one  can  see  that 
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rft;  —  ki±k, 

V,--  7,±/. 


(4) 


where  Vj_  stands  for  the  frequency  of  the  incident  optical 
ray,  is  the  frequency  of  the  diffraction  ray  and  f^  is 
the  sound  wave  frequency.  is  determined  by  the 

relative  position  between  the  incident  optical  ray  and  the 
sound  propagational  direction,  and  thus  by  use  of  the  sine 
theorems  [6],  one  gets 


sin  ±(0,  5,)  1 

X  [4«  +  7  ”5  ac'S.] 

1  .  »lV}g„) 

/  “  - 

} 

(5) 

Sin  ±(0,  0.)  “  {/ 

(6) 

X  [4S  +  ”V7 

} 

.  r0,-±(0.-0,) 

le, -±(e,-0.) 

(7) 

ff  —  p 

360«, 

(8) 

where  nQ  is  the  ordinary  refractive  index,  Ug  is  the 
extraordinary  refractive  index,  and  0^^  and  0jj  are 
respectively  the  incident  and  diffractive  angle,  while  p  is 
the  optical  rotation  rate,  and  0^  and  02  are  respectively 
the  intersectional  angles  of  kj_  and  k^j  with  respect  to  the 
optic  axis.  From  the  extreme  value  condition  of  Eqn.(6), 
namely  d0/df  =  0,  one  finds  the  extreme  value  rate  fg  to  be 


X  •- 


1/2 


(9) 


By  finding  the  numerical  solutions  of  Eqns.  (5),  (6),  and 
(9),  one  gets  the  2  sets  of  corresponding  solutions  of 
triangles,  AabC  and  AADC,  and  the  results  are  listed  in 
Table  3 . 
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Table  3  The  relationships  between  9^  and  f^,  as  well  as 
and  0(3 


s.n 

0 

1 

2 

3 

4 

.? 

6  ^ 

7 

1  ■ 

8 

-i.Ol 

0.06 

0.99 

1.86 

2.68 

3.47 

4.24  . 

5,01 

5.78 

jin  4- 

/.(MHi) 

38.06 

38.04 

40.55 

41.54 

52.19 

61.19 

71.25 

82.12 

93.87 

1.01 

2.22 

3.56 

4.98 

6.44 

7.92- 

1  9.41 

10.91 

12.01 

iin  — 

38.63 

46.96 

60.33 

77.04 

95.94 

116.3 

138.3 

161.5 

•185,9 

3.  THE  CONSTRUCTION  OF  THE  DOUBLET  FREQUENCY-BAND  DEFLECTOR 
AND  THE  RESULTS  OF  MEASUREMENTS 


Fig.  2  The  sketch  of  the  doublet  frequency-band  Te02 
sonic-optical  deflector,  actually  taken  from  the  realistic 
directional  lines  of  the  crystal  itself;  . . .  line  stands  for 
the  direction  taken  by  the  crystal  when  the  Dixon  equation 
yields  the  positive  solution;  line  is  for  the  direction 

of  the  crystal  when  the  Dixon  Equation  yields  the  negative 
solution. 

Key:  (3)  Sound  speaker  (4)  half-transparent  mirror 
(5)  Fully  transparent  mirror  (6)  transducer 
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From  Table  3,  one  can  see  that  a  certain  0^  angle 
corresponds  to  the  2  sets  of  incident  angles  and  central 
frequencies .  Thus  by  use  of  this  phenomenon  one  can  design 
a  doublet  frequency-band  deflector.  During  the  design  it 
was  found  that  the  Te02  crystal  could  create  very  severe 
attenuation  at  the  high  end  of  the  sound  frequency  of  the 
"wave  modified  by  truncation",  and  thus  the  high  end  of  the 
frequencies  of  the  deflector  should  not  get  too  high,  in 
general  not  to  exceed  160  MHz.  On  the  other  hand,  when  the 
value  of  0^  is  increased,  the  incident  angle  also  increased, 
as  to  require  a  larger  size  for  the  crystal  to  accommodate 
large  spreading  directions,  and  thus  we  chose  0,  to  be  5“. 

a 

At  this  time  the  corresponding  f^  and  0j_  are  respectively 
fo  =  61  MHz  and  f^'  =  116  MHz;  0^  =  3.5"  and  0^'  =  7.9".  We 
utilized  the  flux-branching  method,  to  split  the  laser  beam 
into  2  fluxes,  one  of  which  was  emitted  along  the  sound  wave 
propagation  direction  forming  a  7.9"  angle  with  respect  to 
the  [001]  axis.  The  other  flux  was  emitted  in  the  direction 
reverse  from  the  sound  wave  propagation,  forming  a  3.5" 
angle  with  respect  to  the  [001]  axis.  For  0^  =  5",  the 
wave-vector  of  the  sound  in  the  propagation  direction  and 
the  energy  propagation  direction  form  a  40.6"  angle.  Fig. 2 
shows  a  sketch  of  the  doublet  frequency-band  Te02 
sonic-optical  deflector.  In  the  figure,  the  solid  line 
shows  the  actual  directions  of  the  Te02  crystal,  and  the 
hollowed  line  shows  the  crystalline  directions  when  the 
Dixon  equation  yields  the  positive  solution,  while  the 
dotted  line  shows  the  crystalline  directions  when  the  Dixon 
equation  yields  the  negative  solution.  In  actuality,  when 
the  crystal  was  built,  the  incident  surface  was  made 
perpendicular  to  the  [001]  axis,  but  at  the  time  of  testing, 
the  incident  beam  fluxes  formed  angles  of  3.5"  and  7.9"  with 
respect  to  the  [001]  axis.  Thus  here  one  finds  that  there 
has  been  some  surface  reflective  losses. 
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In  the  Te02  deflector  of  doublet  frequency-band,  a 
X-cut  LiNb03-transducer  works  in  the  2  active  band-widths. 
Since  we  are  worrying  about  the  high  frequency  attenuation 
of  the  "waves  modified  by  truncation",  by  choosing  the 
central  frequency  at  95  MHz,  the  results  showed  the  high 
frequency  efficiency  was  higher  than  that  of  low 
frequencies.  Fig.  3  shows  the  results  of  measurements  on 
the  sound  responding  to  the  instrument  frequencies .  As  it 
can  be  seen  from  the  figure,  the  first  set  of  3  dB 
band-width  was  40  -  80  MHz  with  the  peak  value  efficiency 
reaching  90  %.  The  range  of  the  2  nd  set  of  3  dB  active 
band-width  was  80  -  140  MHz,  with  its  peak  value  efficiency 
reaching  80  %.  The  difference  in  the  diffraction 
efficiencies  of  these  2  sets  is  due  to  the  fact  that  we  let 
the  X-cut  LiNb03  transducer  adjust  the  vibrational 
frequencies  to  reach  some  excessive  value.  After  many 
repeated  experiments,  the  appropriate  vibrational  frequency 
of  the  transducer  could  be  chosen  to  allow  the  diffraction 
efficiencies  of  the  2  sets  to  be  close  onto  each  other. 


Fig.  3  Sonic  response  to  the  frequency  of  the  Te02 
sonic-optical  deflector  of  doublet  frequency-band 

o  stands  for  the  positive  solution  of  the  Dixon  equation 

A  stands  for  the  negative  solution  of  the  Dixon  equation 
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Fig.  4  Sketch  of  the  sonic-optical  device 

Key:  (1)  sound  propagation  direction  (2)  sonic-optic 
medium  (3)  transducer 


Fig.  5  Relationship  between  the  shapes  of  the  electric 
terminals  and 
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4.  STRUCTURE  OF  THE  SUPERSONIC  TRANSDUCER 


The  sonic  spreading  of  any  sonic-optic  device  strongly 
affects  the  device  in  many  of  its  applications.  Especially, 
the  sonic  flux  spread  of  the  "wave  modified  by  truncation" 
puts  a  limit  on  the  apertures  of  any  soni-optic  device. 

Cook,  et  al.  [7],  suggested  the  choosing  of  appropriate 
electric  terminal  shapes  so  that  it  can  generate  the 
integral  response  of  the  diffraction  beam  and  thus  clearly 
it  can  improve  the  sonic  field  spread. 

Fig.  4  is  a  sketch  of  a  sonic-optic  device.  In  the 
figure,  the  acoustic  pressure  p  is  determined  by  P(x,y,z). 

As  the  optic  ray  propagates  along  the  y-axis,  its 
diffraction  is  determined  by  the  following  equation: 

—  k^p(sX,y,z')dy 

Eqn.(lO)  expresses  the  integral  response  of  the  diffraction 
ray,  where  k  is  a  constant.  When  z  is  zero,  the  acoustic 
field  at  the  lower  side  of  the  transducer  is  determined  by 
the  shape  of  the  electric  terminal.  When  z  is  not  zero,  by 
going  through  a  double  Fourier  transformation,  one  gets  [8] 

P^kxikjyz')  —  p{x,y,z')e~‘^‘^e~'^y^dxdy  (H) 

where  k  =  2n/X.  At  ky  =  0,  one  gets  a  single  Fourier 
transformation,  namely 

P(.k.,z)  -  j[JK:c,y,2Vy]r-’Wx  ( 12 ) 

In  the  above  equation,  the  integrand  is  V(x,z).  The 
acoustic  pressure  V(x,z)  is  determined  by  the  shape  of  the 
transducer  at  z  =  0.  Consequently,  as  the  distance  z  p  away 
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from  the  transducer,  the  integral  response  can  be  found  from 
the  reverse  transformation  of  p(k3j^Q)  exp(ik2,ZQ),  namely 

“  P(x,y,z^')dy 

J  (13) 

Fig.  5  shows  the  V(x,0)  functions  for  various  shapes  of 
the  electric  terminals .  For  various  different  sonic-optical 
interactions,  one  needs  a  multiplier  coefficient  for  the 
sound  wave-length  (l-2b),  where  b  is  the  quadratic 
coefficient  [9]  of  the  slower  curve  in  the  vicinity  of  a 
pure  membrane  axis.  Now  we  can  use  the  projection  method  to 
measure  the  photographs  of  acoustic  fields  (fig.  6)  for  the 
electric  terminals  of  rectangular  shape,  rhombic  shape  and 
hexagonal  shape. 


Fig.  6  The  acoustic  field  distribution  in  the  cross-section 
of  a  sonic-optic  device 

a.  rhombic  electric  terminal;  b.  hexagonal  electric 
terminal;  c.  rectangular  electric  terminal.  In  Fig.  (a)  and 
(b)  the  left  side  figures  are  the  cross-sections  of  the  Te02 
crystal . 
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In  Fig.  (a)  and  (b)  the  left  figures  show  the 
cross-sections  of  the  Te02  crystal,  while  the  right  side 
figures  show  the  acoustic  field  distributions .  One  can  see 
from  the  figure  that  the  rhombic  shape  electric  terminal  can 
improve  the  acoustic  spreading. 

5.  CONCLUSION 


In  the  actual  application  of  the  doublet  frequency-band 
Te02  sonic-optical  deflector,  by  arranging  2  sets  of 
photoelectric  diode  tubes  in  sequence,  splitting-and- 
trans forming  it  to  receive  2  frequency-bands  of  diffraction 
beams,  one  can  broaden  the  band-width  by  1  -  1.5  times,  as 
compared  to  the  case  of  using  a  single  frequency-band 
deflector.  Furthermore,  this  paper  suggests  that  the 
rhombic  shape  of  an  electric  terminal  not  only  can  be  used 
in  deflectors,  but  also  in  sonic-optic  controller  and 
multi-channel  sonic-optic  devices,  in  lowering  the  side-lobe 
level  for  the  diffraction  beams . 
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